Introduction {#tca13019-sec-0005}
============

Primary bronchogenic carcinoma of the lung, referred to as lung cancer, is one of the most serious malignant tumors threatening human life.[1](#tca13019-bib-0001){ref-type="ref"}, [2](#tca13019-bib-0002){ref-type="ref"} Thus, determining the various methods to diagnose, prevent, monitor, and treat lung cancer are urgent issues worldwide at present. Epidemiological investigation has shown that despite continued research into the prevention, diagnosis, and treatment of lung cancer, the prognosis of lung cancer patients is still not optimistic. The mortality rate of lung cancer patients ranks first among malignant tumors in the world, with a five‐year survival rate of \< 15%.[3](#tca13019-bib-0003){ref-type="ref"} According to pathological classification, lung cancer can be roughly divided into non‐small cell lung cancer (NSCLC) and small cell lung cancer (SCLC); NSCLC accounts for more than 85% of cases, three quarters of which are diagnosed at middle and advanced stages.[4](#tca13019-bib-0004){ref-type="ref"} Currently, the main treatment methods for lung cancer include surgical and non‐surgical treatment; non‐surgical treatment consists of radiotherapy, chemotherapy, and immunity and molecular targeted drugs. However, there are many defects in both individual and comprehensive treatment schemes.[5](#tca13019-bib-0005){ref-type="ref"}, [6](#tca13019-bib-0006){ref-type="ref"}, [7](#tca13019-bib-0007){ref-type="ref"} Therefore, new and targeted drug research is the current focus for the prevention and treatment of lung cancer.

An increasing number of studies have confirmed that chronic inflammation plays an important role in the occurrence and development of tumors.[8](#tca13019-bib-0008){ref-type="ref"}, [9](#tca13019-bib-0009){ref-type="ref"} The presence of inflammation, particularly chronic and low‐toxic inflammation, is closely related in a number of cancers, including gastric, colon, liver, prostate, and lung cancers.[10](#tca13019-bib-0010){ref-type="ref"}, [11](#tca13019-bib-0011){ref-type="ref"}, [12](#tca13019-bib-0012){ref-type="ref"} *Escherichia coli* stimulation can promote the invasion and migration of NSCLC cells, suggesting that gram‐negative bacillus transfection plays an essential role in the invasiveness of host NSCLC cells. The host NSCLC transfected with gram‐negative bacillus not only enhances invasion and migration abilities, but also promotes the malignant proliferation of NSCLC cells.[13](#tca13019-bib-0013){ref-type="ref"} Lipopolysaccharide (LPS) is a major component from the outer cell membrane of gram‐negative bacillus. LPS serves not only as a physical barrier to keep bacteria from invading the outside environment, but also as a biomarker for the immune system to identify pathogenic bacteria, playing a key role in the inflammatory immune response and endotoxic shock.[14](#tca13019-bib-0014){ref-type="ref"}, [15](#tca13019-bib-0015){ref-type="ref"}, [16](#tca13019-bib-0016){ref-type="ref"} Endotoxins released by bacteria can affect the proliferation of A549 cells in vitro, and LPS can strongly induce NSCLC cell proliferation in many animal models.[17](#tca13019-bib-0017){ref-type="ref"}, [18](#tca13019-bib-0018){ref-type="ref"}, [19](#tca13019-bib-0019){ref-type="ref"}

In recent years, with the continuous development of traditional Chinese medicine (TCM), the national investment in TCM research has gradually increased and the anticancer role and underlying mechanisms of TCM have been elucidated to a certain extent. Active ingredients and natural Chinese herbal medicines play an important role in improving immune function, inhibiting cell proliferation and migration, promoting cell apoptosis, alleviating clinical symptoms, alleviating toxicity and the side effects of radiotherapy and chemotherapy, prolonging survival, reducing recurrence, and improving quality of life.[20](#tca13019-bib-0020){ref-type="ref"}, [21](#tca13019-bib-0021){ref-type="ref"}, [22](#tca13019-bib-0022){ref-type="ref"}, [23](#tca13019-bib-0023){ref-type="ref"} Many kinds of Chinese medicines or active ingredients have been discovered, such as vincristine and paclitaxel, which are widely used in clinical practice, and have been included in the recommended guidelines for the treatment of NSCLC.[24](#tca13019-bib-0024){ref-type="ref"}, [25](#tca13019-bib-0025){ref-type="ref"} Hydroxysafflor yellow A (HSYA), a chemical compound of the yellow color pigments extracted from the safflower, has been widely used in clinical treatment. Previous studies have shown that HSYA promotes blood circulation for removing blood stasis and positively affects antioxidant, anti‐inflammatory, and antitumor activities.[26](#tca13019-bib-0026){ref-type="ref"} Furthermore, HSYA can induce human gastric carcinoma BGC‐823 cell apoptosis by activating peroxisome proliferator‐activated receptor gamma (PPARγ), and suppress tumor capillary angiogenesis in transplanted human gastric adenocarcinoma BGC‐823 tumors in nude mice.[27](#tca13019-bib-0027){ref-type="ref"}, [28](#tca13019-bib-0028){ref-type="ref"} HSYA can also suppress adhesion, invasion, migration, and lung metastasis of hepatoma cells via the E‐cadherin/β‐catenin pathway, and inhibit angiogenesis of hepatocellular carcinoma by blocking the ERK/MAPK and NF‐κB signaling pathways in H22 tumor‐bearing mice.[29](#tca13019-bib-0029){ref-type="ref"}, [30](#tca13019-bib-0030){ref-type="ref"} These data indicate that HSYA plays a significant inhibitory role in tumors. However, relatively little is known concerning the therapeutic function of HYSA in NSCLC mediated with inflammation. Therefore, the present study was designed to explore the antitumor potential of HSYA and investigate the possible signaling pathways involved in NSCLC mediated with inflammation.

Methods {#tca13019-sec-0006}
=======

Cell lines and cell culture {#tca13019-sec-0007}
---------------------------

Human NSCLC cell lines, including A549 and H1299, were purchased from the American Type Culture Collection (Manassas, VA, USA), and routinely cultured in Dulbecco\'s modified Eagle\'s medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 μg/mL streptomycin (Sigma‐Aldrich, St. Louis, MO, USA). Cells were then incubated in a humidified cell incubator maintained with 5% CO~2~ at 37°C.

Cell counting kit‐8 assay {#tca13019-sec-0008}
-------------------------

The viabilities of A549 and H1299 cells were detected by cell counting kit‐8 (CCK‐8, Sigma‐Aldrich, St. Louis, MO, USA) assay. In brief, A549 and H1299 cells at a density of 1 × 10^4^ cells/well were seeded in 96‐well plates. The cells were cultured in a humidified cell incubator maintained with 5% CO~2~ at 37°C for 24, 48, and 72 hours, respectively, after which 10 μL of CCK‐8 was added to each well and cells were incubated for another two hours at 37°C. The optical density (OD) was recorded at 450 nm using a microplate reader (Dojindo Molecular Technology, Rockville, MD, USA).

Colony formation assay {#tca13019-sec-0009}
----------------------

Colony formation assay was carried out to evaluate the role of HYSA in the proliferative potential of A549 and H1299 induced by LPS. Briefly, A549 and H1299 cells with a density of 1 × 10^3^ cells/well were seeded in six‐well plates and cultured at 37°C with 5% CO~2~. The medium was replaced with fresh culture medium every two to three days for two weeks. Subsequently, cells were fixed with 4% paraformaldehyde for 20 minutes and stained using 10% crystal violet for 30 minutes.

EdU assay {#tca13019-sec-0010}
---------

EdU assay was conducted to assess the role of HYSA in the proliferation of A549 and H1299 cells. Cells were seeded in six‐well plates and incubated for 48 hours after different treatments in a humidified cell incubator maintained with 5% CO~2~ at 37°C. Following incubation, 100 μL of EdU (50 μM) was added to the culture medium for eight hours and the cells were then fixed with 4% paraformaldehyde for 20 minutes. Triton X‐100 was employed to permeabilize the nuclear membrane, and phosphate buffered saline (PBS) containing 10% goat serum was used for blocking for one hour at 25°C. Finally, cells were stained using a Cell‐hour Light EdU Apollo 488 in vitro Imaging Kit (Life Technologies, New York, NY, USA) according to the manufacturer\'s recommendations.

Cell apoptosis assay {#tca13019-sec-0011}
--------------------

Cell apoptosis was performed using the Annexin V Apoptosis Detection kit I (BD Biosciences, San Jose, CA USA). Briefly, the treated A549 and H1299 cells were digested with trypsin and washed in cold 1 × PBS twice at 4°C, followed by resuspension of the cell pellet with 300 μL of 1 × binding buffer. Next, 5 μL of Annexin V‐PE was added to the cell suspension for 15 minutes in the dark at room temperature, according to the manufacturer\'s instructions. Five minutes before flow cytometry analysis, 7‐AAD solution (5 μL) was added in the cell suspension and then 200 μL of 1 × binding buffer was added. FACS Calibur (BD Biosciences) was used to calculate the percentage of apoptotic cells.

Wound healing assay {#tca13019-sec-0012}
-------------------

Wound healing assay was used to assess the cell migration ability of A549 and H1299 cells in vitro. The cells were cultured into six‐well plates and incubated for 24 hours to full confluence. A scratch was then created using a sterile plastic tip, and the cells were incubated for 24 hours at 37°C. The closure of the scratch was analyzed under the microscope and images were captured using an Olympus light microscope (Olympus Corporation, Tokyo, Japan).

Transwell migration and invasion assays {#tca13019-sec-0013}
---------------------------------------

Migration and invasion assays were performed using Transwell chambers (8 μm pore‐size; Corning Co., Tewksbury, MA, USA). In migration assay, A549 and H1299 cells at a density of 5 × 10^4^ cells/well were added into the upper chamber. In invasion assay, Matrigel purchased from BD Biosciences was inoculated into the upper chamber to form a gel at 37°C, and then A549 and H1299 cells were seeded into the upper compartments at a density of 1 × 10^5^ cells/well. For Transwell migration and invasion assays, the lower compartments were filled with 600 μL of medium with 20% FBS. After incubation for 48 hours, cells that had not migrated or invaded were removed from the upper surface while the cells that had migrated or invaded to the lower surface of the membrane were fixed with 4% paraformaldehyde and stained in 10% crystal violet.

Western blotting analysis {#tca13019-sec-0014}
-------------------------

The treated A549 and H1299 cells were lysed with radioimmunoprecipitation assay lysis buffer according to the manufacturer\'s recommended protocol (Vazyme Biotech, Nanjing, China). Proteins (50 μg) were separated by 10% sodium dodecyl sulfate‐polyacrylamide gel electrophoresis and transferred onto polyvinylidene fluoride membranes blocked with 5% milk at room temperature for one hour. The blots were then incubated with primary antibodies at 4°C overnight. The membranes were then incubated with secondary antibodies for one hour at room temperature. Finally, the signals were detected using an electrochemiluminescence detection system and the protein levels were quantified using Image J software. Antibodies in Western blotting were purchased from Cell Signaling Technology (Beverly, MA, USA), including Bax (\#5023), Bcl‐2 (\#15071), cleaved‐caspase‐3 (\#9662), cleaved‐caspase‐9 (\#9502), E‐cadherin (\#14472), vimentin (\#5741), N‐cadherin (\#13116), matrix metalloproteinase‐2 (MMP‐2, \#40994), MMP‐9 (\#13667), p‐phosphoinositide 3‐kinase (p‐PI3K, \#4228), PI3K (\#4249), p‐Akt (\#4060), Akt (\#4691), mTOR (\#2983), and glyceraldehyde 3‐phosphate dehydrogenase (\#5174).

Enzyme‐linked immunosorbent assay {#tca13019-sec-0015}
---------------------------------

The concentrations of cytokines in cell supernatant were determined by enzyme‐linked immunosorbent assay (ELISA) for human TNF‐α, IL‐6, IL‐1β, and IL‐10 (eBioscience, San Diego, CA, USA) following the manufacturer\'s instructions. The 96‐well microplates were read using a PowerWave X340 microplate reader (Bio‐Tek, Winooski, VT, USA).

Statistical analysis {#tca13019-sec-0016}
--------------------

All statistical analyses were carried out using SPSS version 19.0 and the data are presented as the mean ± standard deviation from three independent experiments. The difference between two groups of three independent experiments was analyzed by Student\'s *t*‐test, and one‐way analysis of variance was used to analyze the difference between more than two groups. For all tests, results were considered significant at *P* \< 0.05.

Results {#tca13019-sec-0017}
=======

Effects of HYSA on proliferation in A549 and H1299 cells induced by LPS {#tca13019-sec-0018}
-----------------------------------------------------------------------

Inflammation, especially chronic and low‐toxic inflammation, is closely associated with the development and progress of NSCLC.[31](#tca13019-bib-0031){ref-type="ref"} In the present study, CCK‐8 assay was performed to evaluate the role of HYSA in the viabilities of A549 and H1299 cells induced by LPS for 24, 48, and 72 hours, respectively. The results showed that LPS could significantly promote the cell proliferation of A549 and H1299 (Fig [1](#tca13019-fig-0001){ref-type="fig"}a). After treatment with HYSA (5, 10, and 20 μM), cell proliferation of A549 and H1299 was obviously suppressed in a dose and time dependent manner compared to the LPS group. Colony formation assay was carried out to determine whether HYSA could inhibit the abilities of colony formation in A549 and H1299 cells induced by LPS. Concentrations of 5, 10, and 20 μM HYSA were added to A549 and H1299 and the cells incubated for two weeks. LPS enhanced colony formation, while HYSA reduced colony formation of A549 and H1299 cells compared to the LPS group (Fig [1](#tca13019-fig-0001){ref-type="fig"}b). Moreover, EdU assay was used to detect the effects of HYSA on the proliferation of A549 and H1299 cells induced by LPS. After treatment with different concentrations of HYSA for 48 hours, LPS notably increased the percentage of EdU positive cells in A549 and H1299 compared to the control, while HYSA significantly reversed the effects of LPS on the cell proliferation of A549 and H1299 in a dose dependent manner (Fig [1](#tca13019-fig-0001){ref-type="fig"}c). These results suggest that HYSA plays a significant inhibitory role in cell proliferation of A549 and H1299 induced by LPS.

![Effects of Hydroxysafflor yellow A (HYSA) on proliferation in A549 and H1299 cells induced by lipopolysaccharide (LPS). (**a**) The proliferation of LPS‐induced A549 and H1299 cells treated with HYSA (5, 10, and 20 μM) was evaluated at the indicated time points by cell counting kit‐8 assay. (**b**) The colony formation ability of LPS‐induced A549 and H1299 cells cultured with HYSA (5, 10, and 20 μM) for two weeks was detected by colony formation assay. (**c**) The percentage of EdU positive cells of LPS‐induced A549 and H1299 cells incubated with HYSA (5, 10, and 20 μM) was examined by EdU assay. OD, optical density. (![](TCA-10-1319-g009.jpg "image")) Control, (![](TCA-10-1319-g010.jpg "image")) LPS, (![](TCA-10-1319-g011.jpg "image")) LPS + 5 μM HYSA, (![](TCA-10-1319-g012.jpg "image")) LPS + 10 μM HYSA, and (![](TCA-10-1319-g013.jpg "image")) LPS + 20 μM HYSA.](TCA-10-1319-g001){#tca13019-fig-0001}

Effects of HYSA on apoptosis in A549 and H1299 cells induced by LPS {#tca13019-sec-0019}
-------------------------------------------------------------------

To determine the effects of HYSA on the apoptosis of A549 and H1299 cells induced by LPS, flow cytometry with Annexin V‐FITC/propidium iodide staining was performed. After treatment with indicated concentrations of HYSA for 48 hours, the degree of apoptosis in the LPS group was lower than that in the control group, and HYSA could significantly promote the apoptosis of A549 and H1299 cells induced by LPS (Fig [2](#tca13019-fig-0002){ref-type="fig"}a). In addition, the levels of apoptosis‐related proteins, including cleaved‐caspase‐3, cleaved‐caspase‐9, Bax, and Bcl‐2, were examined by Western blot. As expected, LPS obviously increased the expression of Bcl‐2 and decreased the levels of cleaved‐caspase‐3, cleaved‐caspase‐9, and Bax compared to the control group, while HYSA could significantly restore the effects of LPS on the levels of apoptosis‐related proteins in A549 and H1299 cells (Fig [2](#tca13019-fig-0002){ref-type="fig"}b). These results indicate that HYSA has a key role in promoting the apoptosis of A549 and H1299 cells induced by LPS.

![Effects of Hydroxysafflor yellow A (HYSA) on apoptosis in A549 and H1299 cells induced by lipopolysaccharide (LPS). (**a**) The apoptosis rate of LPS‐induced A549 and H1299 cells treated with HYSA (5, 10, and 20 μM) for 48 hours was analyzed via flow cytometry with Annexin V‐FITC/propidium iodide staining. (**b**) Bcl‐2, Bax, cleaved‐caspase‐3, and cleaved‐caspase‐9 expression in LPS‐induced A549 and H1299 cells treated with HYSA (5, 10, and 20 μM) for 48 hours was determined by Western blotting assay. The band intensity was quantified by Image J software. GAPDH, glyceraldehyde 3‐phosphate dehydrogenase. (![](TCA-10-1319-g014.jpg "image")) Control, (![](TCA-10-1319-g015.jpg "image")) LPS, (![](TCA-10-1319-g016.jpg "image")) LPS + 5 μM HYSA, (![](TCA-10-1319-g017.jpg "image")) LPS + 10 μM HYSA, and (![](TCA-10-1319-g018.jpg "image")) LPS + 20 μM HYSA.](TCA-10-1319-g002){#tca13019-fig-0002}

Effects of HYSA on epithelial--mesenchymal transition (EMT) in A549 and H1299 cells induced by LPS {#tca13019-sec-0020}
--------------------------------------------------------------------------------------------------

Epithelial--mesenchymal transition (EMT) is a biological phenomenon in which cells lose epithelial characteristics and acquire mesenchymal characteristics under certain conditions, and is closely related to in situ infiltration and distant metastasis of multiple tumors. The main molecular characteristics of EMT are the deletion of expression or function of E‐cadherin, Occludin, and other epithelial cell markers, and the upregulation of N‐cadherin, vimentin, and other interstitial cell markers. In this study, E‐cadherin, N‐cadherin, and vimentin were used as monitoring indicators to illustrate the occurrence of EMT.[32](#tca13019-bib-0032){ref-type="ref"}, [33](#tca13019-bib-0033){ref-type="ref"} Under the stimulation of LPS, E‐cadherin expression was significantly downregulated, and N‐cadherin and vimentin expression were significantly upregulated in A549 and H1299 cells, fully demonstrating that LPS can induce EMT in NSCLC cells (Fig [3](#tca13019-fig-0003){ref-type="fig"}). Interestingly, after treatment with HYSA, the expression of E‐cadherin was obviously increased and the levels of N‐cadherin and Vimentin were remarkably decreased in A549 and H1299 cells induced by LPS.

![Effects of Hydroxysafflor yellow A (HYSA) on epithelial--mesenchymal transition (EMT) in A549 and H1299 cells induced by lipopolysaccharide (LPS). E‐cadherin, N‐cadherin, and vimentin expression in LPS‐induced A549 and H1299 cells treated with HYSA (5, 10, and 20 μM) for 48 hours was determined by Western blotting assay. The band intensity was quantified by Image J software. (![](TCA-10-1319-g019.jpg "image")) Control, (![](TCA-10-1319-g020.jpg "image")) LPS, (![](TCA-10-1319-g021.jpg "image")) LPS + 5 μM HYSA, (![](TCA-10-1319-g022.jpg "image")) LPS + 10 μM HYSA, and (![](TCA-10-1319-g023.jpg "image")) LPS + 20 μM HYSA.](TCA-10-1319-g003){#tca13019-fig-0003}

Effects of HYSA on migration and invasion in A549 and H1299 cells induced by LPS {#tca13019-sec-0021}
--------------------------------------------------------------------------------

Studies have confirmed that LPS can increase the expression of COX‐2, and promote the release of inflammatory factors, such as IL‐8, which can enhance the neovascularization and metastasis of tumors and also upregulate the levels of MMP‐2 and MMP‐9 related to tumor invasion.[34](#tca13019-bib-0034){ref-type="ref"}, [35](#tca13019-bib-0035){ref-type="ref"} Therefore, LPS can promote the invasion and metastasis of cancer cells. In the present study, wound healing and Transwell migration and invasion assays were performed to evaluate the role of HYSA in migration and invasion in A549 and H1299 cells induced by LPS. As expected, LPS positively promoted migration and invasion compared to the control group, while HYSA significantly restored the effects of LPS on migration and invasion of A549 and H1299 cells in a dose dependent manner (Fig [4](#tca13019-fig-0004){ref-type="fig"}a--c). Western blotting analysis was used to determine the levels of metastasis‐related proteins, including MMP‐2 and MMP‐9. LPS obviously upregulated the expression of MMP‐2 and MMP‐9 compared to the control group, while HYSA significantly restored the effects of LPS on metastasis‐related protein expression in A549 and H1299 cells (Fig [4](#tca13019-fig-0004){ref-type="fig"}d). These data indicate that HYSA plays an essential role in suppressing the migration and invasion of A549 and H1299 cells induced by LPS.

![Effects of Hydroxysafflor yellow A (HYSA) on migration and invasion in A549 and H1299 cells induced by lipopolysaccharide (LPS). A549 and H1299 cells induced by LPS were incubated with HYSA (5, 10, and 20 μM) for 48 hours. In LPS‐induced A549 and H1299 cells, the migration abilities were examined by (**a**) wound healing and (**b**) transwell migration assays, and (**c**) the invasion abilities were evaluated by Transwell invasion assay. (**d**) Matrix metalloproteinase‐2 (MMP‐2) and MMP‐9 protein expression in LPS‐induced A549 and H1299 cells treated with HYSA (5, 10, and 20 μM) for 48 hours was determined by Western blotting assay. The band intensity was quantified by Image J software. GAPDH, glyceraldehyde 3‐phosphate dehydrogenase. (![](TCA-10-1319-g024.jpg "image")) Control, (![](TCA-10-1319-g025.jpg "image")) LPS, (![](TCA-10-1319-g026.jpg "image")) LPS + 5 μM HYSA, (![](TCA-10-1319-g027.jpg "image")) LPS + 10 μM HYSA, and (![](TCA-10-1319-g028.jpg "image")) LPS + 20 μM HYSA.](TCA-10-1319-g004){#tca13019-fig-0004}

Effects of HYSA on production of inflammation cytokines in A549 and H1299 cells induced by LPS {#tca13019-sec-0022}
----------------------------------------------------------------------------------------------

We measured the production of inflammation cytokines in cell supernatant by ELISA, including TNF‐α, IL‐6, IL‐1β, and IL‐10. The results showed that LPS significantly promoted the production of TNF‐α, IL‐6, and IL‐1β in A549 and H1229, and inhibited the level of IL‐10. However, HYSA remarkably reversed the role induced by LPS (Fig [5](#tca13019-fig-0005){ref-type="fig"}).

![Effects of Hydroxysafflor yellow A (HYSA) on the production of inflammatory cytokines in A549 and H1299 cells induced by lipopolysaccharide (LPS). Enzyme‐linked immunosorbent assay was used to measure the production of inflammatory cytokines in cell supernatant, including TNF‐α, IL‐6, IL‐1β, and IL‐10.](TCA-10-1319-g005){#tca13019-fig-0005}

Effects of HYSA on PI3K/Akt/mTOR and ERK/MAPK signaling pathways in A549 and H1299 cells induced by LPS {#tca13019-sec-0023}
-------------------------------------------------------------------------------------------------------

Advances in cancer research have revealed many signaling pathways closely related to tumorigenesis and development. The PI3K/Akt/mTOR and ERK/MAPK signaling pathways, as important intracellular signal transduction pathways, control the vital cellular biological processes in tumorigenesis and development by influencing the activation of many downstream effector molecules, including apoptosis, transcription, translation, metabolism, angiogenesis, and cell cycle regulation. In recent years, an increasing number of studies have investigated the PI3K/Akt/mTOR and ERK/MAPK signaling pathways in NSCLC.[36](#tca13019-bib-0036){ref-type="ref"}, [37](#tca13019-bib-0037){ref-type="ref"} However, whether HYSA suppresses the progress and development of NSCLC induced by LPS by regulating the PI3K/Akt/mTOR and ERK/MAPK signaling pathways remains unknown. In this study, Western blotting assay was performed to determine the effects of HYSA on the expression of PI3K/Akt/mTOR and ERK/MAPK signaling pathways related to proteins in A549 and H1299 cells induced by LPS. LPS could significantly increase the levels of PI3K/Akt/mTOR and ERK/MAPK signaling pathways, while HYSA treatment could obviously reverse the effects of LPS on the expression of PI3K/Akt/mTOR and ERK/MAPK signaling pathways related to proteins in A549 and H1299 cells induced by LPS (Fig [6](#tca13019-fig-0006){ref-type="fig"}).

![Effects of Hydroxysafflor yellow A (HYSA) on PI3K/Akt/mTOR and ERK/MAPK signaling pathways in A549 and H1299 cells induced by lipopolysaccharide (LPS). Expressions of p‐PI3K, PI3K, p‐Akt, Akt, mTOR, p‐Erk and Erk proteins were determined in LPS‐induced A549 and H1299 cells treated with HYSA (5, 10, and 20 μM) for 48 hours by Western blotting assay. The band intensity was quantified by Image J software (![](TCA-10-1319-g029.jpg "image")) Control, (![](TCA-10-1319-g030.jpg "image")) LPS, (![](TCA-10-1319-g031.jpg "image")) LPS + 5 μM HYSA, (![](TCA-10-1319-g032.jpg "image")) LPS + 10 μM HYSA, and (![](TCA-10-1319-g033.jpg "image")) LPS + 20 μM HYSA.](TCA-10-1319-g006){#tca13019-fig-0006}

HYSA suppressed proliferation and induced apoptosis in LPS‐induced A549 and H1299 cells via PI3K/Akt/mTOR and ERK/MAPK signaling pathways {#tca13019-sec-0024}
-----------------------------------------------------------------------------------------------------------------------------------------

The results of our study have demonstrated that the levels of PI3K/Akt/mTOR and ERK/MAPK signaling pathways related to proteins in A549 and H1299 cells induced by LPS are significantly suppressed after treatment with HYSA (5, 10, and 20 μM). To further verify the involvement of PI3K/Akt/mTOR and ERK/MAPK signaling pathways in inhibiting proliferation and inducing apoptosis of A549 and H1299 cells induced by LPS, PI3K (LY294002) and ERK (SCH772984) inhibitors were employed to inhibit the PI3K/Akt/mTOR and ERK/MAPK signaling pathways related to proteins, respectively.[38](#tca13019-bib-0038){ref-type="ref"}, [39](#tca13019-bib-0039){ref-type="ref"} As expected, LY294002 and SCH772984 inhibited colony formation and promoted cell apoptosis of LPS‐induced A549 and H1299 cells. Furthermore, co‐treatment of HYSA and LY294002 or SCH772984 was superior for reducing colony formation and promoting apoptosis compared to either agent alone in LPS‐induced A549 and H1299 cells (Fig [7](#tca13019-fig-0007){ref-type="fig"}). These findings suggest that HYSA possibly works through the PI3K/Akt/mTOR and ERK/MAPK signaling pathways to inhibit proliferation and induce apoptosis of A549 and H1299 cells induced by LPS.

![Hydroxysafflor yellow A (HYSA) suppressed proliferation and induced apoptosis in lipopolysaccharide (LPS)‐induced A549 and H1299 cells via the PI3K/Akt/mTOR and ERK/MAPK signaling pathways. (**a**) The colony formation ability of LPS‐induced A549 and H1299 cells cultured with HYSA and PI3K (LY294002) or ERK (SCH772984) inhibitors for two weeks was detected by colony formation assay. (![](TCA-10-1319-g034.jpg "image")) Control, (![](TCA-10-1319-g035.jpg "image")) LPS, (![](TCA-10-1319-g036.jpg "image")) LPS + HYSA, (![](TCA-10-1319-g037.jpg "image")) LPS + LY294002, (![](TCA-10-1319-g038.jpg "image")) LPS + HYSA + LY294002, (![](TCA-10-1319-g039.jpg "image")) LPS + SCH772984, and (![](TCA-10-1319-g040.jpg "image")) LPS + HYSA + SCH772984. (**b**) The apoptosis rate of LPS‐induced A549 and H1299 cells treated with HYSA and PI3K (LY294002) or ERK (SCH772984) inhibitors for 48 hours was analyzed via flow cytometry with Annexin V‐FITC/propidium iodide staining.](TCA-10-1319-g007){#tca13019-fig-0007}

HYSA suppressed migration, invasion, and EMT in LPS‐induced A549 and H1299 cells via PI3K/Akt/mTOR and ERK/MAPK signaling pathways {#tca13019-sec-0025}
----------------------------------------------------------------------------------------------------------------------------------

Transwell migration and invasion and Western blotting assays were performed. LY294002 and SCH772984 inhibited the migration and invasion, suppressed the expression of vimentin and N‐cadherin, and promoted the expression of E‐cadherin in A549 and H1299 cells induced by LPS (Fig [8](#tca13019-fig-0008){ref-type="fig"}). Interestingly, co‐treatment of HYSA and LY294002 or SCH772984 had a superior effect than treatment with either one alone. These data indicate that HYSA suppresses migration, invasion, and EMT of A549 and H1299 cells induced by LPS through the PI3K/Akt/mTOR and ERK/MAPK signaling pathways.

![Hydroxysafflor yellow A (HYSA) suppressed migration, invasion and epithelial--mesenchymal transition (EMT) in lipopolysaccharide (LPS)‐induced A549 and H1299 cells via the PI3K/Akt/mTOR and ERK/MAPK signaling pathways. (**a**) E‐cadherin, N‐cadherin, and vimentin expression in LPS‐induced A549 and H1299 cells treated with HYSA and PI3K (LY294002) or ERK (SCH772984) inhibitors for 48 hours was determined by Western blotting assay. The band intensity was quantified by Image J software. (**b**) The migration and (**c**) invasion abilities of A549 and H1299 cells induced by LPS incubated with HYSA and PI3K (LY294002) or ERK (SCH772984) inhibitors for 48 hours were examined by Transwell migration assay. (![](TCA-10-1319-g041.jpg "image")) Control, (![](TCA-10-1319-g042.jpg "image")) LPS, (![](TCA-10-1319-g043.jpg "image")) LPS + HYSA, (![](TCA-10-1319-g044.jpg "image")) LPS + LY294002, (![](TCA-10-1319-g045.jpg "image")) LPS + HYSA + LY294002, (![](TCA-10-1319-g046.jpg "image")) LPS + SCH772984, and (![](TCA-10-1319-g047.jpg "image")) LPS + HYSA + SCH772984.](TCA-10-1319-g008){#tca13019-fig-0008}

Discussion {#tca13019-sec-0026}
==========

The tumor microenvironment plays a key role in tumorigenesis and development, and is an integral part of the physiology, structure, and function of tumors, providing a nutritional environment for tumorigenesis.[40](#tca13019-bib-0040){ref-type="ref"}, [41](#tca13019-bib-0041){ref-type="ref"} Furthermore, inflammation regulators and cytokines are important components of the local tumor microenvironment. In some tumors, inflammation often occurs before tumorigenesis, and in other tumors, changes in pro‐oncogenes can induce the inflammatory microenvironment to promote tumorigenesis. Regardless of the origin of inflammation, the presence of inflammation in the tumor microenvironment can promote the occurrence of tumors.[42](#tca13019-bib-0042){ref-type="ref"}, [43](#tca13019-bib-0043){ref-type="ref"} In fact, persistent inflammation caused by infection or injury can lead to the malignant transformation of normal cells. Chronic inflammation may promote DNA damage, proto‐oncogene activation, or tumor suppressor gene inactivation caused by genomic instability. On the other hand, the development of tumors may stimulate the production of the inflammatory microenvironment and promote the proliferation of cancer cells. Inflammation contributes to the proliferation and survival of tumor cells, promotes the angiogenesis and metastasis of tumors, and destroys the adaptive immune response.[42](#tca13019-bib-0042){ref-type="ref"} LPS, as a major component of the outer cell membrane of gram‐negative bacillus, plays an important role in the generation and development of the inflammatory response and the presence of inflammation, especially in chronic inflammation. LPS‐mediated changes in reactive oxygen species (ROS), reactive nitrogen, the NF‐kB signaling pathway, and bronchial EMT may be potential mechanisms for inducing tumorigenesis.[44](#tca13019-bib-0044){ref-type="ref"} At the same time, the inflammatory microenvironment around local inflammation can directly or indirectly promote the proliferation and angiogenesis of tumor cells, thus promoting the progress or metastasis of tumors. Studies have shown that the proliferation of A549 cells treated with low concentrations of LPS (0.1 μg/mL) is significantly higher than that of untreated cells, suggesting that low concentrations of LPS can promote the proliferation of A549 cells.[45](#tca13019-bib-0045){ref-type="ref"}

Chemotherapy is one of the traditional methods to treat tumors, but its efficacy is limited. In addition, drug resistance and serious adverse reactions can place a psychological burden on patients, hinder the continuation of treatment, and impact the therapeutic effect of chemotherapy drugs.[46](#tca13019-bib-0046){ref-type="ref"}, [47](#tca13019-bib-0047){ref-type="ref"}, [48](#tca13019-bib-0048){ref-type="ref"} Therefore, there is an urgent need to develop new drugs to overcome drug resistance, improve the therapeutic effect, and reduce the side effects of cancer treatment. In recent years, TCM has been proven to have great potential in cancer treatment, and as such increasing attention has focused upon TCM.[49](#tca13019-bib-0049){ref-type="ref"}, [50](#tca13019-bib-0050){ref-type="ref"} Safflower has been cultivated and used in China for nearly 2000 years as a TCM for activating blood circulation to dissipate blood stasis. Modern medicine holds that safflower has the positive functions of anticoagulation, vasodilation, and promotion of microcirculation, and is also widely used in the treatment of cancers, including liver, rectal, and cervical cancers.[51](#tca13019-bib-0051){ref-type="ref"} HYSA, as a chalcone monomer, is the main component extracted from safflower. Previous studies have reported that HYSA induces human gastric carcinoma BGC‐823 cell apoptosis by activating PPARγ and suppresses angiogenesis in transplanted human gastric adenocarcinoma BGC‐823 tumors in nude mice.[27](#tca13019-bib-0027){ref-type="ref"}, [28](#tca13019-bib-0028){ref-type="ref"} HYSA inhibits the angiogenesis of hepatocellular carcinoma by blocking ERK/MAPK and NF‐κB signaling pathways in H22 tumor‐bearing mice and suppresses the adhesion, invasion, migration, and lung metastasis of hepatoma cells.[29](#tca13019-bib-0029){ref-type="ref"}, [30](#tca13019-bib-0030){ref-type="ref"} However, the role and underlying mechanisms of HYSA in LPS‐induced A549 and H1299 cells remains unknown. Therefore, this study was designed to explore the role and underlying mechanisms of HYSA in the proliferation, apoptosis, migration, and invasion of A549 and H1299 cells induced by LPS. We found that LPS could promote proliferation, suppress apoptosis, and enhance the migration and invasion of A549 and H1299 cells, which was consistent with previous reports. However, HYSA treatment could significantly reverse the effects of LPS on proliferation, apoptosis, migration, and invasion in a dose dependent manner. Furthermore, our data showed that HYSA could affect the expression of proteins related to apoptosis, migration, invasion, and EMT in A549 and H1299 cells induced by LPS. These results further confirm that HYSA had positive inhibitory activities on the development and progress of NSCLC.

Advances in cancer research have revealed many signaling pathways closely related to tumorigenesis. The PI3K/Akt/mTOR signaling pathway, as one of the important intracellular signal transduction pathways, controls the vital cellular biological processes in tumorigenesis and development, including apoptosis, transcription, translation, metabolism, angiogenesis, and cell cycle regulation by influencing the expression of many downstream effector molecules.[52](#tca13019-bib-0052){ref-type="ref"} Many studies have shown that the PI3K/Akt signaling pathway plays an important role in the growth of NSCLC, and 50--70% of NSCLC has Akt phosphorylation, which indicates that activation of the PI3K/Akt signaling pathway is common in NSCLC. The persistent activation of PI3K is the result of a series of factors, such as the alteration of upstream signal molecule genes, the mutation or amplification of PIK3CA, the deletion of PTEN, or the activation of downstream signal molecules.[53](#tca13019-bib-0053){ref-type="ref"} David *et al.* used an immunohistochemical method to analyze NSCLC specimens and found that p‐Akt was associated with the invasion and survival of tumors.[54](#tca13019-bib-0054){ref-type="ref"} Marinov *et al.* found persistent Akt activation and mTOR phosphorylation in 51% of NSCLC patients and 74% of NSCLC cell lines.[55](#tca13019-bib-0055){ref-type="ref"} In addition, statistical analysis showed that smoking, tumor size, lymph nodes, distant metastasis, tumor stage, and deletion of p‐Akt and PTEN were correlated with prognosis, while smoking, tumor stage, and PTEN expression were independent prognostic factors.[56](#tca13019-bib-0056){ref-type="ref"} It has been reported that relieving the regulation of the PI3K/Akt/mTOR signal transduction pathway can promote the occurrence and development of lung cancer, and the application of PI3K inhibitors such as LY294002 can promote the apoptosis of NSCLC cells and increase the sensitivity of chemotherapy.[57](#tca13019-bib-0057){ref-type="ref"} Therefore, the PI3K signaling pathway plays an important role in cell proliferation, survival, tumor progression, chemotherapy, radioresistance, and so on. In the present study, we found that HYSA could inhibit the PI3K/Akt/mTOR signaling pathway in A549 and H1299 cells induced by LPS. In eukaryotic cells, there are more than a dozen signaling pathways in MAPK involved in cell growth, differentiation, proliferation, and apoptosis. However, the main signaling pathways that have been identified include the ERK, JNK, and P38 pathways, of which the ERK transduction pathway is the main pathway that transmits extracellular signals to the nucleus, playing a major regulatory role in the process of cell proliferation, differentiation, and apoptosis.[58](#tca13019-bib-0058){ref-type="ref"}, [59](#tca13019-bib-0059){ref-type="ref"} ERK1/2, an extracellular regulated protein kinase, is mainly activated via phosphorylation by external stimulation, and is a key signaling molecule that determines cell proliferation and differentiation or participates in cell apoptosis.[60](#tca13019-bib-0060){ref-type="ref"}, [61](#tca13019-bib-0061){ref-type="ref"} Hauck *et al.* showed that PD98059, an ERK1/2 inhibitor, can significantly inhibit growth factor‐mediated cell migration by inhibiting the activation of ERK1/2 in lung adenocarcinoma A549 cells, indicating that ERK exhibits an essential role in the development and progress of NSCLC.[62](#tca13019-bib-0062){ref-type="ref"} In this study, the data showed that HYSA could significantly suppress the expression of the ERK/MAPK signaling pathway related to proteins in A549 and H1299 cells induced by LPS. To further confirm the HYSA exhibited positive activities on the development and progress of LPS‐induced A549 and H1299 cells through the signaling pathways, we used PI3K (LY294002) and ERK (SCH772984) inhibitors to inhibit the PI3K/Akt/mTOR and ERK/MAPK signaling pathways,[38](#tca13019-bib-0038){ref-type="ref"}, [39](#tca13019-bib-0039){ref-type="ref"} respectively, and the data showed that LY294002 and SCH772984 inhibited the proliferation, reduced colony formation, promoted apoptosis, inhibited migration and invasion, suppressed vimentin and N‐cadherin expression, and promoted the protein expression of E‐cadherin in A549 and H1299 cells induced by LPS. Further, co‐treatment of HYSA and LY294002 or SCH772984 had superior effects than treatment with either one alone.

To conclude, HYSA suppresses LPS‐mediated proliferation, migration, invasion, and EMT in A549 and H1299 cells by inhibiting the PI3K/Akt/mTOR and ERK/MAPK signaling pathways, indicating that HYSA may be a potential candidate to treat inflammation‐mediated NSCLC.
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